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Introduction
The phenomenon of reconstuction on clean semiconductor faces and transition metal crystals has been described earlier. Review of the results of experimental and theoretical study on that issue is presented in Ref. [1] . Moreover, adsorbed atoms and molecules can frequently cause restucturing of crystal surfaces, ranging from small atomic relaxations to macroscopic shape modifications [2] [3] [4] . Good examples of the interlayer space relaxation are provided by atomic adsorption on nickel surface. Clean surfaces typically exhibit contractions in the topmost interlayer spacing relatively to the bulk value. Upon adsorption, these contractions are reduced and often become undistinguishable from the bulk value [5] . Low energy electron diffraction (LEED) analysis for Ni(111)-(2 x 2)O [6] and Ni(110)-(2 x 1)O [7] stuctures evidence an oxygen-induced relaxation with nickel atoms displacing not only vertically but also laterally. Some assumptions were made for the adsorption systems as to insertion of the adsorbate below the uppermost layer, e.g. for nitrogen [8] and oxygen [9] on titanium, nitrogen on tungsten [10] , oxygen on nickel [11] .
In Ref. [12] an arrangement was suggested in which one nitrogen atom is located above and one below the uppermost iron layer. For carbon on Fe(111) surface similar suggestions were made [13] .
To make the adsorption states and processes better understood, cluster approximation was often employed. The effective medium approach (EMA) was used to calculate the total ground state potential energy of the system consisting of an oxygen atom outside or inside the Ni (100) or (111) surface [11] . The EMA was also used to describe relaxation of iron (100) surface due to adsorption of a nitrogen atom in a fourfold site [14] . Ab initio calculations indicate that oxygen in a fourfold site presents lowest energy configuration too [15-17], thus confirming the experimental results obtained with LEED [18] and LEIS (low energy ion scattering) [19] methods. EHT calculations show that a hollow in the non-reconstructed Fe(111) surface is the most preferential site for oxygen adsorption. For nitrogen or carbon, a hollow under the iron atom is preferred [20, 21] . In this paper, we are trying to interpret and discuss by means of the EHT method the surface reconstuction exemplified by the adsorption of oxygen, nitrogen, or carbon on the iron (100) surface.
Calculations and results
The EHT method [22] was used to calculate the total energy of clusters. The advantage of its short computation time is unfortunately compensated for by the disadvantage of drastic approximations making some absolute values dubious, e.g. those of binding energies and equilibrium distances. However, a big similarity between the clusters considered, that differ only in their atomic positions, makes it possible to use this method to compare the cluster energies and accordingly to conclude which of the adsorption states is more likely. The cluster to be calculated was assumed to consist of 13 iron atoms. Reconstruction of the surface due to the insertion of an adsorbate atom was desired to be limited to one iron atom displacement only, with all other atoms remaining in their initial positions. Most significant dislocation occurred as the adsorbate atom and its three neighbouring iron atoms were placed coplanar. When the adsorbate atom was located below the first layer, the iron atom displacememt was smaller. The atomic radius values as in Ref. [21] were taken for calculation.
On the basis of the above.simplifying assumptions, atomic coordinates were determined for the iron (100) surface, as well as for adsorbate above and below the uppermost layer and in the. state of maximum reconstruction (see Table I and Fig. 1) . Locations of the "movable" iron atom are denoted by Fe° (solid line), Feu (broken line), and Fe* (dotted line).
The results are presented in Table II , and also pictured graphically' in Fig.  2 . In the latter, the difference between the cluster energy for the adsorption states on a reconstucted surface and that for a non-reconstucted one is marked in the ordinate. In the abscissa, there are distances of the "movable" atoms centres perpendicularly to the surface. The surface considered has been a plane fixed by the iron atoms centres. Potential curves 1, 2, and 3 are plots of the cluster energy against distance of the adsorbate atom or of the "movable" iron atom from the surface and deal with the cases of: 1) reconstuction of the iron surface, 2) oxygen, nitrogen, or carbon adsorption above the non-reconstucted uppermost iron layer, and 3) oxygen, nitrogen, or carbon adsorption below the hypothetically reconstructed uppermost layer, respectively.
The calculated points in the potential energy diagram are denoted the same as in Table I . The actual pathways followed are indicated with the thickened segments of the curves.
Through immediate comparison of the magnitude of cluster energies in various states we get the energy change associated with overlayer to underlayer adsorption state transition: Eo→u = Eu -E°, and the activation energy for the transition of an atom adsorbed in a fourfold hollow on the non-reconstructed surface to the underlayer adsorption state E°→* = E* -E°, and opposing E"~* = E* -E".
In each of the cases considered, the activation energy in a transition from the overlayer adsorption to the underlayer adsorption is less than the reconstuction energy. In this process, the number of iron atoms neighbouring the adsorbate atom, i.e. coordination number of the latter increases. The difference between the reconstuction energy (ERo→u) and the energy change in a X° to X° transition (E°~") can be attributed to the growing interaction of the adsorbate and iron atoms due to the increase in coordination number (E∆ C). Calculations show that this energy value grows when the number of electrons in the adsorbate atom de-
T h i s r e g u l a r i t y w a s o b s e r v e d when analysing positions of oxygen, nitrogen, and carbon atoms on the Fe(111) surface [21] .
From the calculations it appears that a fourfold hollow in the non-reconstructed Fe(100) surface is the most preferential adsorption site for oxygen. Transition to the underlayer adsorption state is an activated process and in terms of energetics seems to be less likely. For carbon adsorption, a hollow under the iron atom is preferred; the transition to such a state from the adsorption on the non-reconstucted surface requires no activation. For nitrogen, the underlayer and overlayer adsorption energies are nearly equal. Transition between these two adsorption states is possible as long as the potential barrier is overcome. This potential, however, is about twice lower than the pure surface reconstruction energy needed for the formation of such a hollow between iron atoms, which would enable displacement of an atom of 0.11 nm diameter.
Discussion
Previous LEED study on iron (100) surface covered with carbon or oxygen atoms indicated formation of bidimensional structures, c(2 x 2)-C and c(2 x 2)-N. The ordered carbon structure was obtained by carbon segregation to the sample surface [23] , or by thermal decomposition of ethylene [24, 25] . c(2 x 2)-N was received by segregation [23] or dissociative adsorption of N2 [26] , NH3 [27] , or CH3NHNH2 [28] . The oxygen adsorbed on the Fe(100) surface forms a bidimensional structure, p(I x 1)-O. Earlier reports on the existence of p(2 x 2)-O structure, besides the former, have not been confirmed by latest study [29] . Dissociative adsorption of CO on Fe(100) yields c(2 x 2)-C,O structure [28] that might have been misinterpreted earlier as c(2 x 2)-O.
In all the models corresponding to the above bidimensional stuctures, the adsorbatom is located in a fourfold hollow. Previous more precise data obtained from LEED intensity analysis, as well as theoretical consideration confirm the locations of oxygen [15] [16] [17] [18] and nitrogen [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] atoms. The EHT calculations performed in this study show full accordance in the case of oxygen adsorption. The results for Fe13-N cluster indicate close energy values for either atomic position. Regarding all the simplifications of the method, one can acknowledge the outcome to be consistent with experimental data. Calculations show that an apparently preferred position for the carbon atom adsorption is that on the reconstructed surface below the iron atom. This should be taken into account in a future study on Fe(100)c(2 x 2)-C structure.
